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CONVERSION FACTORS AND ABBREVIATIONS

The inch-pound units used in this report may be converted to metric
(International System) units by the following factors:

Multiply Inch-Pound Unit

inch (in.)

inch per year (in./yr)

foot (ft)

mile (mi)

square mile (mi?)

foot per mile (ft/mi)

cubic foot per second (ft3/s)

cubic feet per second per day
[(££3/s)/d]

acre

pound (1h)

pound per acre (1lb/acre)

ton

ton per day (ton/d)

ton per year (ton/yr)

ton per acre (ton/acre)

By

25.4
2.54
0.3048
1.609
2.590
0.1894
0.02832
0.02832

0.4047
0.4536
0.1833
0.9072
0.9072
0.9072
2.242

ton per acre per year [(ton/acre)/yr] 2.242

million gallons per day (Mgal/d)

degrees Fahrenheit ( °F)

3.785
5/9 (°F-32)

vi

To Obtain SI Units

millimeter (mm)
centimeter per year (cm/yr)
meter (m)
kilometer (km)
square ki lometer (km?2)
meter per kilometer (m/km)
cubic meter per second (m3/s)
cubic meter per second
per day [(m3/s)/d]
hectare (ha)
kilogram (kg)
kilogram per hectare (kg/ha)
megagram (Mg)
megagram per day (Mg/d)
megagram per vear (Mg/yr)
megagram per hectare (Mg/ha)
megagram per hectare per year
[ (Mg /ha) /yr]
million liters per day (ML/d)
degrees Celsius (OC)



Relation of Sediment and Nutrient Loads to Watershed
Characteristics and Land Use in the Otisco Lake

Basin, Onondaga County, New York
By James E. Paschal, Jr. and Donald A. Sherwood

ABSTRACT

Otisco Lake, the smallest and eastermmost of New York State's Finger
Lakes, is the source of water supply for several villages in Onondaga County.
In recent years, turbidity and algal blooms have periodically impaired the
lake's use for both water supply and recreation.

Otisco Lake is about 6 miles long, averages 0.75 mile wide, and has a
mean depth of 33 feet and a maximum depth of 60 feet. The lake occupies a
20-mile-long preglacial valley in the southwest corner of Onondaga County.
The drainage area of the watershed, excluding the lake, is 38.8 square miles.
Five major tributaries and several small intermittent streams drain into the
lake. Watershed altitudes range from 788 feet (lake surface) to 1,900 feet
above sea level. The major soils of the basin are formed from alluvial depos-
its and lacustrine sediment.

Principal land uses within the Otisco Lake basin are woodland (39
percent) and cropland (49 percent). Willow Brook, the third smallest sub-
basin, has the greatest percentage of cropland (80 percent) and the smallest
percentage of woodland (9 percent). Spafford Creek, the largest subbasin, is
only 35 percent cropland and 55 percent woodland. Conservation practices such
as contour farming, strip cropping, and diversion di tches are applied to about
47 percent of the cropland in the basin,

Runoff and concentrations of sediment and nutrients in the five major
tributaries, which together drain about 70 percent of the lake's watershed,
were monitored from November 1981 through September 1983, and sediment and
nutrient loads from the ungaged areas of the watershed were estimated. Otisco
Lake received 10,600 tons of sediment, 20,600 pounds of phosphorus as P,
199,000 pounds of total kjeldahl nitrogen as N, and 236,000 pounds of nitrite
plus nitrate as N from the five tributaries and the ungaged area during the
23-month study.

Spafford Creek basin (12.0 square miles) contributed about 72 percent of
the annual sediment load and 46 percent of the annual nutrient load; the other
four subbasins, which range from 2.6 to 3.7 square miles in area, each
contributed 3 to 5 percent of the annual sediment load and 6 to 16 percent of
the annual nutrient load. The ungaged part of the watershed contributed 12
percent of the annual sediment load and 28 percent of the annual nutrient
load. The largest loads of sediment and nutrients and highest concentrations
of total phosphorus were those from Spafford Creek. The highest concentra-
tions of nitrite plus nitrate were in Willow Brook and Rice Brook; the lowest
were in Van Benthuysen Brook.

Concentrations of ammonia as N were relatively uniform through the year,
although some extremely high concentrations occurred during the summer. Total
kjeldahl nitrogen concentrations were highest in the summer and lowest in the



fall. Concentrations of nitrite plus nitrate were significantly lower in
winter than in the rest of the year. Total phosphorus concentrations were
slightly higher in the spring than at other times, aund concentrations of
dissolved phosphorus were slightly higher in the summer.

Storms and snowmelt accounted for 70 to 90 percent of the runoff, 90 to
99 percent of the sediment load, and 70 to 98 percent of the nutrient loads
from the tributaries. The largest nutrient loads occurred during the spring
of each year, when runof f was highest. About 70 percent of the sediment, 60
percent of total kjeldahl nitrogen, 58 percent of total phosphorus, and 53
percent of nitrite plus nitrate were transported during spring high flows.

Stepwise multiple regression analyses of runoff per acre and yield (load
per acre) in relation to selected watershed characteristics showed significant
relationships for monthly, seasonal, and total values. Total phosphorus loads
were lower in subbasins in which the percentage of cropland with contour
farming and streambank improvements to reduce erosion is highest.

During the 114 years from 1869, when the lake level was first raised, to
1983, approximately 390,000 tons of sediment were deposited in Otisco Lake
south of the causeway. This indicates a long-term average deposition rate of
3,420 tons per year, which closely compares with the U.S. Soil Conservation
Service's estimate of 3,573 tons per year and the U.S. Geological Survey's
calcul ated load of about 3,820 tons per year. At present, less than 15 per-
cent of the nutrient and sediment load carried by Spafford Creek is retained
by the wetland at the south end of the lake. Retention of Spafford Creek
flows in the wetland for 8 or 9 hours at an altitude of 792 feet above sea
level would inundate about 80 acres and would decrease high—-flow sediment and
particulate nutrient loads to the lake by 60 to 80 percent and annual loads by
40 to 60 percent.

INTRODUCTION

Otisco Lake, 14 miles (mi) southwest of Syracuse, occupies a narrow
20-mi-long valley in the southwest corner of Onondaga County (fig. 1). It is
the smallest and eastermmost of New York's glacially scoured "Finger Lakes."
Otisco Lake is part of the Onondaga County Water Authority public water—supply
system and provides about 20 million gallons ner day (Mgal/d) to customers in
several towns.

The lake has had a history of high turbidity, and, because the turbidity
levels occasionally exceed State drinking-water standards, the water supply
has been operating under a variance from the New York State Department of
Health. Concern has arisen that excessive algal growth and suspended sediment
may hasten eutrophication of the lake. Recreational use of the lake is
periodically impaired by turbidity and by summer algal blooms.

Soil erosion is the primary source of suspended-sediment and nutrient
loads to the lake, and high concentrations of nutrients contribute to algal
growth. Sheet and rill erosion are removing the soil base and depleting the
nutrients of the cropland surrounding the lake (U.S. Department of
Agriculture, 1983). The U.S. Soil Conservation Service has estimated that
13,240 tons of eroded soil and nearly 14 tons of phosphorus are deposited in
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the lake each year from all tributaries. 1In 1984, the U.S. Soil Conservation
Service allocated funds to plan and implement a watershed-protection project
in the Otisco Lake basin to improve water quality by reducing soil erosion and
fertilizer runoff.

Ef fective management of this resource will require that the sources of
sediment and nutrients be identified and the rate at which they are entering
the lake determined. In 1981, the U.S. Geological Survey, in cooperation with
the Onondaga County Environmental Management Council, began a study to measure
the amounts of sediment and nutrients entering the lake. The objectives of
the study were to (1) estimate annual, seasonal, and monthly sediment and
nutrient loads entering the lake from selected tributaries; (2) compare yields
of sediment and nutrients from the watershed subbasins, which differ in topo-
graphy, geology, soil type, and land use; (3) measure the thickness and compo-
sition of the lake sediment in the south end of the lake, where most of the
sediment is impounded; and (4) evaluate the potential for artificially
increasing sediment and nutrient retention in wetland and lowlands that bhorder
Spafford Creek at the south end of the lake. Data were collected from
November 1981 through September 1983.

Purpose and Scope

This report describes the physical setting, land uses, soil-erosion
potential, and fertilizer use in the five gaged subbasins as well as the
ungaged areas of the basin. It also gives estimates of sediment and nutrient
loads transported to the lake; relates sediment and nutrient loads to land
use, geology, and soil type; describes sediment—deposition patterns within the
lake; and discusses the potential for sediment and nutrient retention within
Spafford Creek wetland.

Maps are included that show watershed boundaries, station locations,
sediment thickness at the south end of the lake, and the extent of flooding in
the wetland and adjacent lowlands at specified water—surface altitudes.
Several tables summarize subbasin characteristics, runoff rates, and sediment
and nutrient concentrations and loads for each of the tributaries. Three
appendixes give information on statistical methods and quality-assurance prac-
tices for chemical analyses that were used in this report and include statis-
tics on the sediment and nutrient samples collected during the study. Daily
mean streamflow and daily mean suspended-sediment concentrations and
discharges, along with the analyses of all samples collected during the study,
are published by the U.S. Geological Survey (1982, 1983).1

1St reamflow and suspended-sediment data from Spafford Creek at Bromley Road,
Amber Brook, and Van Benthuysen Brook, for November 1981 through March 1982
and Rice Brook for November 1981 to April 1982 are not published but were
used for calculations in this study. These data are available from the
files of the U.S. Geological Survey's office in Ithaca, N.Y.



Methods

Six stream—gaging stations were established on the five major tributaries
to Otisco Lake (fig. 2); two were on Spafford Creek, the largest tributary.
The upstream station monitors flow from the upper 25 percent of the basin
(3.14 mi?2); the downstream site monitors 66 percent (8.06 mi2). The gages
provided a continuous record of stream stage. Outflow from Otisco Lake is
measured at Ninemile Creek at Marietta (fig. 1), a gaging station with 18
years of record. Discharge measurements obtained throughout the study over a
range of stages were used to def ine stage-vs—discharge relationships for each
site from which daily mean streamflows were calculated.

Nutrient and suspended—-sediment samples were collected at the gaging—
station sites by the depth-integrating methods described by Guy and Norman
(1970). Samples from several verticals in the stream cross section were com-—
posited in a churn splitter from which aliquots were withdrawn for analyses.
Samples were analyzed for the following constituents:

Suspended sediment Total phosphorus as P

Total organic nitrogen as N Total inorganic phosphorus as P
Total ammonia nitrogen (NH3) as N Di ssolved phosphorus as P

Total kjeldahl nitrogen Di ssolved orthophosphate as P

(ammonia plus organic nitrogen) as N Dissolved organic phosphorus as P
Dissolved nitrite plus
nitrate (NOo+NO3) as N

Samples to be analyzed for total concentrations (suspended plus dissolved),
such as suspended sediment, total nitrogen, and total phosphorus, were with-
drawn from the splitter first. Samples analyzed for dissolved constituents
were withdrawn second and filtered through a 0.45-p filter, and the analysis
was performed on the filtrate.

Sampling frequency was determined primarily by hydrologic conditions.
Samples were collected weekly during high base-flow periods in the spring and
every 2 to 3 weeks during low base-flow periods. Four or five samples were
collected at each site during three or four high flows each year.

A particle-size—-distribution analysis was done on selected suspended-
sediment samples collected during high flows. Suspended-sediment concentra-
tion and particle-size distribution analyses were done by the U.S. Geological
Survey District Laboratory in Columbus, Ohio, by methods described by Guy
(1969).

Nutrient analyses were done by the Onondaga County Department of Drainage
and Sanitation Laboratory from September 1981 through October 1982, and by the
Upstate Freshwater Institute in Syracuse from November 1982 through October
1983, by methods described by American Public Health Association and others
(1980). A quality-assurance plan was adopted to ensure that results from
these analyses met U.S. Geological Survey standards. Results are presented in
appendix B.

Nutrient loads in each tributary were calculated through regression anal-
yses to relate instantaneous nutrient concentrations to instantaneous stream-
flow and sediment concentration. Daily mean nutrient concentrations were
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predicted from the regression equation coefficients by substituting daily mean
flow and daily mean sediment concentration; daily mean nutrient loads were
estimated by multiplying daily mean concentrations by daily mean discharge,
and total monthly loads were obtained by summing daily mean nutrient loads.

Seasonal loads were calculated for fall (October and November), winter
(De cember-February), spring (March-May), and summer (June-September). FEven
though climatic conditions for individual months can vary widely from vear to
year, months were grouped by season on the basis of general climatic similari-
ties. Nutrient loads from the ungaged parts of the basin were estimated by
multiplying each constituent's mean load per acre (yield) from the gaged area
by the number of acres in ungaged areas. Suspended-sediment loads were calcu-
lated the same way, except that the yield for Spafford Creek was not used.
Sediment concentrations and loads were calculated from a temporal concentra-
tion graph, a method described by Porterfield (1972).

Stepwise multiple regressions were done with logarithmic transforms of
discharge, concentration, or load as the dependent variable; loads were
normalized by dividing each value by the number of acres in each subbasin to
obtain yields (runoff per acre or load per acre). The watershed characteris-
tics and land—use values were used as independent variables and were normal-
ized as follows:

(1) topographic factors and soil-erosion factors were given as mean values
for each subbasin;

(2) geologic conditions, soil types, and land uses were given as percentages
of subbasin area; and

(3) fertilizer application was given as 1b/acre of cropland in each subbasin.

A detailed explanation of the regression analyses is given in apnendix A.

Sixteen sediment cores, three from each of four transects south of the
causeway (fig. 2) and four from a transect approximately 200 ft north of the
causeway were collected by hand with a piston-type sampler to determine sedi-
mentation patterns in the lake. Each core was separated into two or three
sections on the basis of color and texture; the sections were submitted to the
Us.S. Geological Survey laboratory in Ocala, Fla. to be analyzed for percent
organic and inorganic material,

Acknowledgments

Thanks are extended to the U.S. Department of Agriculture, Soil
Conservation Service, who provided detailed information on land use and agri-
cultural practices within the Otisco Lake basin and to the Onondaga County
Water Authority who provided physical, chemical, and biological data on Otisco
Lake.



DESCRIPTION OF STUDY AREA

Ot isco Lake occupies a 20-mi-long, northwest-southeast-oriented valley in
the southwest corner of Onondaga County (fig. 2). The valley is of preglacial
origin and has undergone extensive alteration by glacial activity. The
drainage area of the lake, excluding the 3.4 mi2 of lake surface, is 38.8 mi2.
Outflow from the lake, which is controlled by a gated dam, is through Ninemile
Creek at the north end of the lake. Ninemile Creek flows into Onondaga Lake,
which discharges to the Oswego River, which in turn flows into Lake Ontario
(fig. 1).

Topography

The topography of the basin is characterized by gently rolling hills in
the upland regions and a steep-sided valley at the south end that gradually
becomes less steep toward the north. Watershed altitudes range from 788 ft
above sea level at the lake surface to 1,900 ft at Vesper Hill, along the
southeastern border of the basin (fig. 1). Average stream gradients of the
five major tributaries range from 46 ft/mi at Van Benthuysen Brook near the
north end of the lake to 197 ft/mi at Rice Brook near the southeast end, just
north of the causeway. The small intermittent streams that drain directly
into the west side of the lake are less than 0.75 mi long and have gradients
of about 800 ft/mi. The lower reaches of these streams have much steepner
gradients than the upper reaches. The small streams entering the lake from
the east generally range in length from 0.5 mi to ! mi and have average
gradients of 500 ft/mi. Topographic characteristics of each major subbasin
are sumnmarized in table 1.

Drainage

Ot isco Lake is about 6 mi long, averages 0.75 mi wide, and has a mean
depth of 33 ft, a wmaximum depth of 60 ft, and a surface area of 2,176 acres
(3.4 mi?). The 3,500-ft-long causeway that crosses the south end of the lake
forms a shallow bay about 1 mi long, 0.5 mi wide, and 3 to 9 ft deep. This
bay is connected to the main body of the lake by a 12-ft-wide boat channel
through the causeway (fig. 2).

The level of Otisco Lake has been raised twice, 10 ft in 1869 to increase
water storage for Erie-Barge Canal feeder purposes (fig. 1), and 4 ft in 1908,
when the Syracuse Suburban Water Supply Company increased storage in the lake
for a public water supply. The causeway was built in 1899 to replace a road
at the south end of the lake that had been flooded out when the water level
was first raised; it was rebuilt in 1908 when the lake level was again raised.
The causeway was repaired in 1983, but the road has not been rebuilt.

Five major tributaries and several small intermittent streams drain into
Otisco Lake (fig. 2). Spafford Creek, the largest tributary, with a drainage
area of 12,0 mi2, flows into the south end of the lake. Rice Brook flows into
the east side of the lake just north of the causeway. Van Benthuysen Brook
and Amber Brook enter the lake on the northeast side, and Willow Brook enters
on the west side. These five tributaries drain about 70 percent of the Otisco



Lake watershed. The land area that drains directly into Otisco Lake and the
area drained by small intermittent streams is about equally distributed on
either side of the lake.

Geology
The Otisco bedrock valley is of preglacial origin but has been profoundly

altered by the invasion of ice (Birge and Juday, 1914). 1Its present form is
largely a result of glacial scouring and deposition from the advance and

Table 1.--Topographic characteristice of subbasins of the Otisco Lake basin.

[Data from U.S. Soil Conservation Service, 1983, Basin locations
are shown in fig. 2. A dash indicates no data.]

Subbasin area
Amber Directl Rice Spafford Van Benthuysen Willow

Brook drainage Brook Creek Brook Brook

Total drainage area, 2,377 7,040 1,690 7,680 2,260 2,354
in acres

Mean basin altitude, 1,188 1,110 1,282 1,290 1,111 1,145
in feet

Mean basin slope, 75 120 74 170 76 58
in feet per 1000 feet

Main channel slope, 122 - 197 72.1 45.6 131
in feet per mile

All land with greater 0 986 0 2,765 0 0
than 20 percent slope, (0) (14) (0) (36) (0) (0)

in acres. (Percentage
of total subbasin area
is in parentheses)

Cropland in need of 448 415 144 357 567 250
treatment? with less (35) (40) (25) (19) (58) (41)
than 8 percent slope,
in acres. (Percentage
of total cropland
needing treatment is
in parentheses)

Cropland in need of 816 630 422 1,518 405 366
treatment with greater (65) (60) (75) (81 (42) (59)
than 8 percent slope,
in acres. (Percentage
of total cropland
needing treatment is
in parentheses)

! pirect drainage refers to those areas of the Otisco Lake basin that are ungaged
and drain directly to the lake through small intermittent tributaries.

2 Cropland in need of treatment is considered by the Soil Conservation Service
to be cropland having erosion rate greater than 3 (ton/acre)/yr.



retreat of the ice sheet during the Wisconsin glaciation. The depression in
which the lake lies was created by a rapid melting of an ice lake in the rock-—
scoured basin (von Engeln, 1961).

The bedrock underlying the glacial deposits is part of the Skaneateles
Formation, which is composed of shale, limestone, and calcareous sandstone.
Debris from the last glaciation mantles the watershed, and the distribution of
the resulting soil materials and drainage patterns was largely determined by
the activity of the glacier. Local variations in composition of glacial
deposits and in slope produce a variety of soil types and vegetative cover.
The landscape also has been changed by the activities of man (Rickard and
Fisher, 1970). The percentage of several types of surficial deposits in each
subbasin are summarized in table 2.

Table 2.--Distribution of surficial geologic deposits within Otisco
Lake subbasins.

[values are percentage of total subbasin area. Data from U.S. Department
of Agriculture, 1977. Basin locations are shown in fig. 2.]

Amber Directl Rice Spafford Van Benthuysen Willow
Type of deposit Brook drainage Brook Creek Brook Brook

Alluvial silt, sand, and 2 3 0.3 1 6 0.1
clay--postglacial
stream deposits

Peat, marl, muck, and 2 0 4 2 3 0
clay--postglacial
bog deposits

Lake silt and clay-- 0 0 0 21 0 0
preglacial or post-
glacial of fshore
deposits

Kame and kame terrace 3 5 9 13 15 0
sand and gravel--

glacial deposits

Outwash sand and gravel-- 3 1 0 0 6 0
stream deposits from
melting ice sheet

Lodgment till--deposited 0 0 0 0 7 0
at base of glacier

Sedimentary bedrock 1 0 0 16 0 2

Thin till overlying 89 91 86.7 47 63 97.9
bedrock

l Direct drainage refers to areas that are ungaged and drain directly
to the lake through small intermittent tributaries.
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Soils

The soils south of Otisco Lake along the valley of Spafford Creek are
predominantly level Wayland-Teel and Schoharie-Odessa association. These
soils are formed from alluvial deposits and lacustrine sediment and are
classified as somewhat poorly drained to very poorly drained (U.S. Department
of Agriculture, 1977).

The sloping to gently sloping soils at higher altitudes around the lake
are mostly Honeoye-Lima and Lansing-Conesus association interspersed with some
Palmyra-Howard and Aurora-Angola-Darien associations., They are moderately
deep, well-drained soils formed on till.

The steep valley sides adjacent to the lake and tributaries contain soils
of the Honeoye-Lansing association, which are well drained. Interspersed on
the steeper slopes of the Spafford Creek subbasin are small areas of the
Arnot-Lordstown-Mardin association, which are also well drained.

The distribution of hydrologic soil groups, which are designated
according to relative infiltration and transmission rates (U.S. Department of
Agriculture, 1972), and of soil families of croplands (U.S. Department of
Agriculture, 1977), is summarized in table 3 as the percentage of total
drainage area covered by each soil type.

Land Use

Principal land uses within the Ot isco Lake basin are woodland (39
percent) and cropland (49 percent), which are scattered evenly throughout the
watershed. Willow Brook, the third smallest subbasin, has the highest
percentage of cropland (80 percent) and the lowest percentage of woodland (9
percent); Spafford Creek, the largest subbasin, is only 35 percent cropland
and 55 percent woodland. The distribution of land uses in the subbasins is
summarized in the upper part of table 4; the middle and lower parts summarize
tillage and soil-conservation practices. The primary method of tilling the
cropland in the Otisco basin is spring moldboard (conventional tillage). The
Rice Brook subbasin had the highest percentage of tillage other than spring
moldboard, with 32 percent of the cropland tilled by chisel. Conservation
practices such as contour farming, strip cropping, and diversion ditches are
applied to approximately 47 percent of the cropland in the basin. The conser-
vation methods used and percentages of cropland to which they are applied vary
among subbasins. Willow Brook has the highest percentage of cropland on which
conservation measures are used (78 percent); Van Benthuysen Brook has the
lowest (18 percent).

About 50 percent of the cropland is classified as prime agricultural land
(U.S. Department of Agriculture, 1983); the principal crops are corn, hay, and
oats, which support dairy farming. Of the remaining 12 percent, about 5 per-
cent is hayland and pasture, and about 7 percent is classified as other use.
Urban development is minimal (about 2 percent of the land area) and consists
primarily of second-home developments adjacent to the lake. The village of
Amber and the settlement of Rice Grove lie within the basin (fig. 2). The
proportions of these land uses are not expected to change significantly within
the next 20 years (U.S. Department of Agriculture, 1983).
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Table 3.--Distribution of hydrologic soil groups and soil families
within cropland areas of the Otisco Lake basin.

[Values are percentage of total cropland area. Data from U.S. Department
of Agriculture, 1977. Basin locations are shown in fig. 2.]

Amber Direct! Rice Spafford VanBenthuysen Willow
Soil group or family Brook drainage Brook Creek Brook Brook

Hydrologic Soil Groups?

Low runof £ potential (A) 7 13 2 2 2 0

Moderate infiltration rates 71 73 84 51 81 80
when thoroughly wetted (B)

Slow infiltration rates 22 14 12 43 17 16
when thoroughly wetted (C)

High runoff potential (D) 0 0 3 4 0 4

Soil Families3

Fine-loamy, mixed, mesic 90 86 91 64.5 82 85
(13 soil series)

Fine-loamy, mixed, nonacid, 1 0 0 0 4 9
mesic (1 series)

Coarse-loamy, mixed 0 0 0 25 0 0
mesic (3 soil series)

Loamy-skeletal, mixed, 7 2 1 0 2 0
mesic (1 series)

Fine-loamy, over sand or 2 11 8 0 7 0
sandy-skeletal, mixed,
nesic (2 series)

Fine-silty, mixed, mesic 0 0 0 1 5 0
(1 series)

Fine-silty, mixed, nonacid 0 0 0 2 0 3
mesic (1 series)

Fine-illitic, mesic 0 1 0 7 0 2
(3 series)

Coarse-silty, mixed, mesic 0 0 0 .5 0 1
(1 series)

! Direct drainage refers to those areas of the Otisco Lake basin that are ungaged
and drain directly to the lake through small intermittent tributaries.

2 U.S. Department of Agriculture, 1972.

3 U.S. Department of Agriculture, 1977.
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Table 4.--Land use, tillage, and conservation practices in

subbasins of Otisco Lake basin.

[Basin locations shown in fig. 2.]

Subbasin
Amber Directl Rice Spafford Van Benthuysen Willow
Type Brook drainage Brook Creek Brook Brook Total

Land use [Upper value indicates number of acres; lower value (in parentheses)

indicates percentage of total subbasin area. ]

Cropland 1,593 2,816

(67) (40)

Pasture 119 493

(5) N

Woodland 475 2,957

(20) (42)

Other (industrial, 190 774

roads, and other (8) (1)
urban lands)

TOTAL 2,377 7,040

Percentage of (10) (30)

Otisco Lake
basin area

Tillage (percentage of cropland)

Spring moldboard 100 *87
Fall moldboard 0 0
No till 0 0
Chisel 0 11

Conservation practices (percentage

Field strip 10 23
Contour strip 24 19
Contour farming 8 0
Diversion 6 5
Waterway 2 0
TOTAL 50 47

1,103
(65)

38
(2)

507
(30)

42
(3)

1,690
(7

68
0
0

32

2,688
(35)

384
(5)

4,224
(55)

384
(5)

7,680
(33)

89

11

of cropland)

14

39

61

25

1,523
(68)

45
(2)

403
(18)

269
(12)

2,240
(10)

*86

11

1,860
(79)

141
(6)

212
(9)

141
(6)

2,354
(10)

100

31

33

11,583
(49)

1,220
(5)

8,778
(39)

1,800
o))

23,381
(100)

* No tillage data for remaining cropland.
l pirect drainage refers to areas that are ungaged and drain directly to the lake
through small intemittent tributaries.
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Climate

The climate of the Otisco Lake basin is characterized as humid-continental
with a mean annual temperature of 46°F and average annual precipitation of
37.5 in/yr. Monthly precipitation for October 1981 through September 1983 is
plotted in figure 3. Precipitation during the first year of study was about
normal, 37.0 inches; that in the second year was 32.8 inches, about 4 inches
below normal. Precipitation is usually greatest in July and least in January
but is relatively uniform at about 2.5 to 3.5 inches per month. During the
first year, October, May, and June were the wettest months, and August was the
driest (fig. 3). During the second year, November, April, and May were the
wettest months, and July was the driest. Much of the precipitation that falls
from May to October, instead of running off, is lost through evapotranspira-
tion.
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Figure 3.--Monthly precipitation in the Otisco Lake basin, October 1981
through September 1983. (Data from National Oceanic and
Atmospheric Administration precipitation station at
Skaneateles. )



STREAMFLOW

Streamflow data were collected on the five major tributaries entering
Otisco Lake. Spafford Creek, the largest tributary, was monitored at two
locations. The downstream gage site on Spafford Creek was placed at Sawmill
Road, at the most downstream bridge. This site represents about 66 percent
(8.06 mi2) of the Spafford Creek drainage basin. Inflow to the lake from
Spafford Creek was estimated by multiplying flows measured at the gage by 1.5
to account for runoff from the intervening area between Sawmill Road and the
mouth (4 mi2). This factor overestimates flows from the mouth of Spafford
Creek during low-flow months because little increase in flow was observed from
Bromley Road to Sawmill Road during low-flow periods. However, 80 percent of
the runoff is associated with storms or snowmelt (above the 75-percent
quartile), and more than 90 percent of the sediment and mutrient loads are
carried during high flow. The overestimates of the low flows by the 1.5
factor did not have a significant effect on calculated annual loads. The
gaging sites on the other four tributaries were near the mouth, so that
virtually all subbasin outflow was monitored.

During high flows, part of the flow from the Spafford Creek drainage area
north of Sawmill Road is intercepted by two agricultural drainage ditches, one
on each side of the creek. The ditch on the west side is small, carries
little water, even at high flows, and flows into Spafford Creek several
hundred feet downstream of Sawmill Road. The ditch on the east side is larger
and receives runoff from two or three smaller ditches and flows directly to
the lake. Flow carried by this ditch during storms and high flows is less
than 10 percent of the flow carried by Spafford Creek, however.

The amount of streamflow contributed by the many small tributaries that
drain the ungaged part of the basin was estimated by balancing inflow,
outflow, and change in lake contents. Inflow included streamflow from the
gaged watersheds, estimated ground-water inflow, and precipitation directly on
the lake. Aquifers at either end of Otisco Lake may each have contributed
from 0.4 to 2 Mgal/d or 0.62 to 3.1 ft3/s (Weist and Geise, 1969). For the
purpose of this calculation, a maximum ground-water contribution was assumed,
which gave a total of 6.2 ft3/s to the lake from the two ground-water sources.
Outflow from the lake was calculated from flow through Ninemile Creek
(adjusted for change in lake contents), diversion by Onondaga County Water
Authority for water supply, and evaporation from the lake surface. These
calculations indicate that about 34 percent of the inflow to the lake comes
from the ungaged area.

Comparisons of Study—Period Values with Long-Term Values

Annual discharges of several streams during the study period were compared
with long-term records to determine whether they were representative of long-
term conditions. These long-term stations were selected because of their
hydrologic similarity to the project stations; these were Ninemile Creek at
Marietta, West Branch Tioughnioga River at Homer, and Fall Creek at Ithaca
(fig. 1). Mean values are given below for general comparisons; however,
because the distributions of runoff were highly skewed, median values were
used to compare for statistically significant differences (McGill and others,
1978). A discussion of statistics used in this study is given in appendix A.
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During the 1982 water year (October 1981 through September 1982), the
total annual precipitation of 37.0 inches at the Skaneateles weather station,
4 mi northwest of Otisco Lake (fig. 1), was near the 30-yr mean of 37.6 in/yr.
During the 1983 water year it was lower—--only 32.8 inches. Streamflow during
the study reflected this pattern, as summarized below.

The 1982 mean discharge of 49.5 ft3/s at Ninemile Creek at Marietta (the
outlet of Otisco Lake) was higher than the period-of-record mean of 40.3
ft3/s, but the 1983 mean discharge was only 26.4 ft3/s. The median flow of
33 ft3/s for the 1982 water year was also somewhat higher than the period-of-
record median flow of 20 ft3/s, and, again, the median flow of 6 ft3/s for the
1983 water year was significantly lower. Flow in Ninemile Creek is regulated
by the Onondaga County Water Authority at the north end of the lake (fig. 1)
and is not representative of other streams in the area for specific time
intervals. Period-of-record averages, however, may be indicative of long-term
averages for other streams in the Otisco Lake basin.

The mean discharge of the West Branch of the Tioughnioga River at Homer
(drainage area 71.5 mi2), 8 mi south of Otisco Lake, was 146 ft3/s for the
1982 water year and 104 ft3/s for the 1983 water year, as compared to the
period-of-record mean of 128 ft3/s (water years 1972-84). Although annual
mean flows differed considerably during the study, a statistical analysis of
the median flows for the 1982 and 1983 water years, 118 ft3/s and 91 ft3/s,
respectively, indicate that they are not significantly different statistically
from the period-of-record median flow of 100 ft3/s.

The mean discharge at Fall Creek at Ithaca (drainage area 126 mi2), 30 mi
southwest of Otisco Lake (fig. 1), was 249 ft3/s for the 1982 water year and
163 £t3/s for the 1983 water year, as compared to the 60-yr mean of 186 ft3/s.
Again, although annual mean flows differed considerably during the study, a
statistical analysis of the median flows for the 1982 and 1983 water years
(221 £t3/s and 120 ft3/s, respectively) indicates that they are not signifi-
cantly different statistically from the period-of-record median flow of 132
ft3/s.

These comparisons indicate that the discharges at Otisco Lake tributary
and outlet stations during the study period were fairly representative of
long-term flows even though the individual stream averages for the first year
were higher than average and those in the second year lower.

Comparison Among Tributary Subbasins

Runoff (in inches) from the five subbasins was compared in terms of total
monthly , mean monthly, and study-period values to relate any differences in
runof f to subbasin characteristics. Median values were used to determine
significant differences among subbasins because distributions were highly
skewed. Total monthly runof f values from each subbasin are shown in table 5.

Total discharge for the period of study, total monthly discharge, and mean
monthly discharge were significantly higher at Spafford Creek at Sawmill Road
than at any of the other stations, and total discharge for the study period at
Rice Brook was lower than any other station. (This is because Spafford Creek
has the largest drainage area, and Rice Brook the smallest.) The total runoff
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(in inches) during the study varied considerably among the subbasins; it was
highest at Spafford Creek at Bromley Road (46.21 in) and Van Benthuysen Brook
(43.11 in.) and lowest at Willow Brook (29.97 in) and Rice Brook (31.3 in).
Runof f at Spafford Creek at Sawmill Road and Amber Brook was 38.32 in and

35.43 in, respectively.

The subbasins with the lowest runoff had high percentages (80 to 84

percent) of soils with moderate infiltration rates and cropland to which

Table 5.-~Total monthly runoff at gaging stations in subbasins of the
Otisco Lake basin, November 1981 through September 1983,

[Values are in inches. Locations are shown in fig. 2.]

Oct. Nov. Dec. Jan. Feb. Mar., Apr. May June July Aug. Sept. Total

Station name
and number! 1981 1982
Spafford Creek

04240145 at

Bromley Road --  3.97 2,43 1.15 1.46 3.81 4.41 2.246 2,31 1.60 1.06 0.88 25.32

04240150 at

Sawmill Road - 3.11 1.77 .77 1.13 3.95 3.73 1.25 1.72 .96 .57 .55 19.51
Rice Brook

0424015305 ~- 3.11 1.63 .78 1.10 3.60 2.54 .70 1.68 .77 .27 .32 16.50
Willow Brook

0424016205 == 2.57 1.48 47 .70 3.43 2.11 .36 1.13 A .02 .03 12.74
Amber Brook

0424016825 - 3.19 1.77 .82 1.16 4.17 3.00 .81 1.55 .71 .20 24 17.62
Van Benthuysen

Brook -~ 4.90 2.54 1.27 1.82 5.63 3.20 1.03 1.42 54 .22 .16 22,73

0424016975

1982 1983

Spafford Creek

04240145 at

Bromley Road 75 1.44 1.82 1.39 1.66 1.77 4.45 3.49 1.51 1.04 .84 .74 20.89

04240150 at

Sawmill Road 47 1.26 1.63 1.60 1.87 1.62 4.99 3.30 .88 41 .36 .32 18.81
Rice Brook

0424015305 «25 1.18 1.38 .97 1.82 1.21 5.05 2.27 .54 .07 .03 .03 14.80
Willow Brook

0424016205 .00 84 2,47 1.42 2.41 1.38 6.14 1.97 .56 .04 .00 .00 17.23
Amber Brook

0424016825 .19 1.20 1.83 1.60 2.00 1.42 5.73 2.60 77 .21 .11 .15 17.81
Van Benthuysen

Br ook .19 1.32 1.80 1.50 2.27 1.56 6.58 3.33 1.32 .20 .13 .18 20.38

0424016975

1 The 8- and 10-digit numbers reflect the downstream order of the gaging station.
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conservation practices had been applied (61 to 78 percent). Van Benthuysen
Brook, which had fairly high runoff, also had a fairly high percentage (81
percent) of soils with moderate infiltration rates, but only 18 percent of the
cropland, which comprises 68 percent of the basin, was protected by adequate
conservation practices. Spafford Creek at Bromley Road, which had the highest
runof f, drains the upper 25 percent of the subbasin. The Spafford Creek basin
as a whole has the steepest mean basin slope (36 percent of the total basin
has a slope greater than 20 percent) and the highest percentage (43 percent)
of soils with low infiltration rates. The downstream part of the Spafford
Creek basin is less steep and contains soils that have higher infiltration
rates and less runoff.

Statistically the medians of monthly values for runoff, in inches and in
cubic feet per square mile, did not significantly di ffer among the subbasins.
Discharge figures for July, August, and September 1983 indicated that the two
sites on Spafford Creek had nearly equal flow; the Sawmill Road pattern during
this period suggests that occasional withdrawal of water from Spafford Creek
for irrigation may be the reason (Howard Schuster, U.S. Department of
Agriculture, Soil Conservation Service, oral commun.).

The relative contributions of runoff from the subbasins to the lake are
sunmarized below:

Total runoff during
study period, as

Drainage area (ft3/s)/d
(percentage of (percentage of
Subbasin lake watershed) total basin runoff)
Amber Brook 10 9
Ri ce Brook 7 6
Spafford Creek 33 33
Van Benthuysen Brook 10 11
Willow Brook 10 8
Ungaged area _30 _34
Total 100 101

SEDIMENT AND NUTRIENTS IN TRIBUTARY STREAMS AND OTISCO LAKE

Streams that drain agricultural basins receive sediment and nutrients
from overland runoff. The quantities received are directly related to such
factors as basin slope, extent of farming, and the methods of farming. The
bodies of water to which those streams are tributary generally exhibit
increased rates of eutrophication.

Sediment in Tributary Streams
Source

Sheet and rill erosion are the major forms of soil erosion in the Otisco
Lake basin. Soil erosion is influenced by seasonal runoff, ground cover,
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rainfall intensity, slope, surficial geology, soil types, types and intensity
of agricultural practices, and conservation practices. Of the estimated
77,000 ton/yr of gross erosion in the basin (U.S. Department of Agriculture,
Soil Conservation Service, 1983), less than 15 percent (10,600 tons) reaches
the lake; most of the sediment is trapped, at least temporarily, at slope
changes, fence rows, tree lines, ponds, or manmade barriers.

Woodland, pasture, and other idle lands in the basin exhibit the lowest
erosion rates, about 1 (ton/acre)/yr, which results in gross erosion of 11,470
ton/yr. Of the 11,600 acres of active cropland in the basin, only 5,460
receive adequate conservation practices such as diversions, grassed waterways,
strip cropping, subsurface drains, and conservation tillage (U.S. Department
of Agriculture, 1983). The gross erosion rate is estimated to be 1.5
(ton/acre)/yr, resulting in a gross erosion rate of 8,040 ton/yr. The
remaining 6,340 acres produce from 3 to more than 30 (ton/acre)/yr, which
yields a gross erosion of 57,000 ton/yr. These cropland areas, which account
for 75 percent of the total estimated gross erosion in the watershed, are con-
sidered by the Soil Conservation Service to be in need of treatment to reduce
erosion rates. The mean erosion rate for all land in the Otisco Lake bhasin is
3.2 (ton/acre)/yr. Erosion characteristics of the cropl ands inventoried by
the Soil Conservation Service in each subbasin are summarized in table 6.

Table 6.--Mean values and standard deviations of soil erosion-characteristics
of imentoried cropland in subbasins of the Otisco Lake basin.

[Standard deviations are in parentheses. Data from U.S. Soil
Conservation Service, site inventory, 1981.]

Drainage area and percentage of cropland inventoried
Amber Direct Rice Spafford Van Benthuysen Willow

Brook drainagel Brook Creek Brook Brook
Equation constants 2 75 63 57 36 44 90
Soil-erodibility factor (K) uv.33 0.33 0.31 0.31 0.32 0.34
(£.03) (4.04) (+£.07)  (+.07) (+.03) (+.04)
Slope-steepness factor (§) .08 .07 .06 .08 .07 .05
(+£.04) (4+.05)  (+.04) (+.05 (+.04) (+.03)
Slope-length factor (L) 386 285 281 247 302 295
(£229) (+153)  (+118)  (+116) (+201) (+115)
Cover and management .15 .16 .12 .13 .15 .14
factor (C) (+.06) (+.05) (+£.07)  (+.08) (+.03) (+.04)
Erosion rate 7.5 6.6 3.3 6.0 5.8 3.1
((ton/acre)/yr) (£6.7) (46.8)  (+4.0)  (+9.0) (+6.5) (+£3.4)

1 Direct drainage refers to areas that are ungaged and drain directly to the lake
through small intermittent tributaries.

2 Universal soil-loss equation A = RKLSCP; see explanation on p. 20.
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St reambank erosion may be a significant source of the annual sediment load
of Amber and Van Benthuysen Brooks. The U.S. Soil Conservation Service (U.S.
Department of Agriculture, 1983) estimated that sediment from streambank ero-
sion in Amber Brook may be 120 ton/yr (of 240 ton/yr total) and in Van
Benthuysen Brook may be 78 ton/yr (of 174 ton/yr total). However, sources of
sediment can not be distinguished through data from this study nor from the
U.S. Soil Conservation Service estimates. Also, some of the sediment produced
in the upstream part of the Van Benthuysen basin is trapped in Smith Hollow
Pond (fig. 2) and does not reach Otisco Lake.

Gross erosion rates in the Otisco Lake subbasins were calculated by the
U.S. Soil Conservation Service through the Universal soil-loss equation:

A = RKLSCP (1)
where: = computed soil loss per unit area,
rainfall and runof f factor,
soil-erodibility factor,
slope-length factor,
slope-steepness factor,
= cover and management factor, and
= gupport practice factor.

MO wnH R W
1

This equation was developed to predict long-term average soil losses in runoff
from specific field areas. With appropriate selection of its factor values,
it predicts the soil loss for a particular site. Erosion variables reflected
by these factors vary considerably about their means from storm to storm, but
because these fluctuations average out over the long run, the Universal soil-
loss equation generally predicts long-term averages more reliably than it does
short-term or specific events.

Concentrations and Loads

The total sediment load delivered to the lake by all tributaries
(including ungaged areas) during the 23-month study was 10,600 tons. Of this
total, Spafford Creek contributed the most—-approximately 7,630 tons, or
1 tonf/acre, and had the highest concentrations of sediment of all major tribu-
taries. Van Benthuysen Brook contributed the smallest load, with 334 tons or
0.15 ton/acre. Rice Brook contributed 325 tons or 0.20 ton/acre, Amber Brook
contributed 460 tons or 0.19 ton/acre, and Willow Brook contributed 550 tons
or 0.23 ton/acre. Concentrations of sediment ranged from < 1 mg/L at most
sites during low flow to a maximum of 5,910 mg/L at Spafford Creek at Sawmill
Road during a storm on July 8, 1982,

Suspended-sediment loads at all sites were calculated for October 1981 so
that 2 complete years of data would be available for computation of annual
sediment yields. Calculations were made from estimates of runof f and sediment
concentration in each subbasin. Runoff from each subbasin in October 1981 was
estimated from the values for West Branch Tioughnioga River and Fall Creek
(fig. 1), both of which, although considerably larger in drainage area than
the Otisco Lake tributaries, are similar in basin characteristics. Suspended-
sediment load was estimated from sediment-transport curves.

20









Source

The primary contributor of sediment to the lake is Spafford Creek, which
delivered a load of more than 7,630 tons (10.9 ton/d) during the study. The
highest daily load during the study, 421 tons, occurred on April 24, 1983,
Particle-size analysis showed that during high flows, 55 percent of the
suspended sediment is silt, 35 percent is clay, and 10 percent is sand-sized
or larger particles, which indicates that most of the sediment would remain
suspended for long periods, and the potential for adsorption of nutrients to
the suspended particles would be large.

Sediment loads to the lake from the other major tributaries during the
23-month study totaled 1,670 tons—-330 tons (0.5 ton/d) each from Van
Benthuysen Brook and Rice Brook, 460 tons (0.7 ton/d) from Amber Brook, and
550 tons (0.8 ton/d) from Willow Brook. The largest mean daily sediment load
was 101 ton/d at Willow Brook on April 26, 1983. On many days of low flow,
the loads were less than 0.0l ton/d. Except at Rice Brook, where sand and
clay fractions were nearly equal, the size distribution of sediment particles
from these sites was nearly the same as at Spafford Creek.

Sedimentation Patterns

The 12 lake-bottom cores from south of the causeway indicate that sedi-
ment deposited since the lake level was raised in 1869 (top~layer sediments or
muck) contains 1 to 10 percent organic matter, whereas the underlying
material, which was farmland or wetland before the lake level was raised, con-
sists of peat and clay and contains 10 to 40 percent organic matter. Contours
showing the thickness of recent sediments are plotted in figure 5. The con-
tours were drawn from information obtained by analysis of the cores; the core
data are plotted in figure 6.

Sediment thickness north of the causeway was considerably less than that
south of the causeway except near the boat channel. The contours in figure 5
show sediment thickness to be greatest near the mouth of Spafford Creek and to
decrease gradually toward the causeway. The two arms of sediment deposition
extending to the causeway are the result of flow patterns toward the boat
channel on the west side of the causeway and toward the break in the east side
of the causeway near Rice Grove.

A physical model of the south end of the lake was built to simulate
general rates and patterns of sediment movement from Spafford Creek through
the impoundment south of the causeway, through the causeway, and into the
main body of the lake. Dye was introduced in the model through Spafford Creek
to identify circulation patterns. Most of the dye was trapped south of the
causeway and circulated counterclockwise. Dye passing through the boat
channel in the causeway circulated counterclockwise to the east side of the
lake, just north of the causeway. Circulation patterns in the model are con-
sistent with those estimated by Morelli (1983) and with deposition patterns
observed during this study.
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Deposition Rates

Fifteen suspended-sediment samples from Spafford Creek were analyzed for
particle-size distribution; results are presented in table 7. The size frac-
tions are divided into sand, silt, and clay, and the settling times are
expressed in percentage of material remaining in suspension after the speci-
fied time interval. Settling distance is 80 em (31.5 in). The mean of all
samples indicates that approximately half the sediment settles 80 cm after 1,2
hours, and 70 percent settles out after 8 hours. These settling times reflect
laboratory conditions; settling times under natural conditions are subject to
factors such as water velocity, water temperature, and depth, which can
greatly influence the rate of settling.
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Calculations based on the volume of sediment containing 1 to 10 percent
organic material indicate that about 390,000 tons of sediment have been
deposited south of the causeway since the lake level was first raised in 1869.
The estimated long-term mean deposition rate of 3,420 ton/yr south of the
causeway compares well with the mean of 3,573 ton/yr from Spafford Creek,
estimated by the U.S. Soil Conservation Service through the Universal soil-
loss equation (eq. 1) and with the 2-year mean annual load of 3,820 ton/yr
from Spafford Creek, measured by the U.S. Geological Survey during this study.

The calculated 3,420 ton/yr of sediment deposited south of the causeway
was approximately 90 percent of the 3,820 ton/yr contributed by Spafford
Creek. The causeway retains most of the sediment that enters the south end of
the lake; the rest is either transported beyond the causeway or is retained in
the wetland near the mouth of Spafford Creek. An annual load of 3,820 ton/yr
from Spafford Creek, if distributed uniformly south of the causeway, would
increase sediment depths by only about 0.07 in./yr.

Sediment entering the lake from major tributaries north of the causeway
(excluding ungaged areas) totals about 830 ton/yr. Some of the sediment is
deposited near the mouths of these tributaries, but deposition patterns and
rates are difficult to identify because they vary according to lake elevation,
lake currents, and wind direction., The annual load of 830 ton/yr calculated
by the U.S. Geological Survey is far less than the 7,089 ton/yr calculated by
the U.S. Soil Conservation Service from the Universal soil-loss equation. The
disparity is probably due to simplifying assumptions and aggregation proce-
dures used by the U.S. Soil Conservation Service to estimate erosion rates and
delivery ratios for entire subbasins on the basis of a partial inventory of
the active cropland.

Nutrients in Tributary Streams
Source

Crop yield depends heavily on the application of fertilizer to supplement
or replace nutrients lost from soil by erosion, plant uptake, and leaching.
Commercial fertilizers are generally applied during the spring, and manure is
usually applied from late fall through early spring. Fertilizer type and
usage for each subbasin are listed in table 8. Manure and fertilizer,
depending on the type, supply varying amounts of nitrogen and phosphorus to
the soil.

The application of commercial fertilizers can be fairly well quantified,
but application of manure is more difficult to evaluate. Typically, manure is
applied to land to be planted in corn or on hay fields as a fertilizer substi-
tute during late fall and early spring and to land planted with hay during
July and August. Rates of manure application vary widely, from 4 to 8
(ton/acre) /yr, depending on weather conditions, distance from barn to field,
and field slope. The U.S. Soil Conservation Service has estimated the total
phosphorus production from animal sources within the Otisco Lake watershed to
be 44,000 1b/yr, 1,730 1b/yr of which is transported to the lake. Some of
this nitrogen and phosphorus is adsorbed by the soil, some is used by plants,
some is removed by leaching, and some is removed by overland runoff.
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Table 8.--Annual canmercial fertilizer use on eropland in Otisco Lake
watershed.

[Based on figures from U.S. Department of Agriculture, Soil Conservation
Service, 1983. Locations are shown in fig.

2.1

Rate (1lb/acre)

Total (1b/yr)

Commercial
Subbasin fertilizer N P N P
Amber Brook 332 48 57 76,464 90,801
Ungaged 304 53 55 149,248 154,880
Rice Brook 191 53 59 58,459 65,077
Spafford Creek 283 42 62 112,896 166,656
Van Benthuysen Brook 384 52 64 79,196 97,472
Willow Brook 344 42 61 78,120 113,460
Mean for cropland - 48 59 - --
in basin
Table 9.--Poss§ble sources and concentration range of sediment and
nutrients in tributaries to Otisco Lake.
[Concentrations are in milligrams per liter,]
Concentrations
Constituent Possible sources ninimum maximum
Suspended sediment Erosion of mineral and organic <1 6,000
soil
Nitrogen
total organic Bacterial, plant, and animal .06 9.8
proteins and wastes
total ammonia Bacterial decomposition of organic 01 1.9
nitrogen, reduction of nitrite
total kjeldahl Naturally occurring sources .02 10
(ammonia plus such as animal wastes
organic N)
dissolved nitrite Fertilizers, oxidation of ammonia .02 6.4
plus nitrate and nitrogen gas.
(oxidized)
Phosphorus
total Fertilizers, detergents, and .002 1.4
animal metabolic wastes
total inorganic Same .01 .95
dissolved Same .01 1.0
dissolved ortho- Detergents and fertilizers 01 92
phosphate
dissolved organic Products of animal and plant .01 .10

metabolism (food, wastes)
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Some possible sources of nutrients and the ranges of concentrations of
nutrients detected in the tributaries to Otisco Lake are given in table 9;
the mean instantaneous concentrations and seasonal maximum concentrations of
sediment and nutrients for each of the tributaries are given in appendix table
C-4.

Concentrations and Loads

Nutrient loads were calculated from streamflow and from sediment and
nutrient concentrations. Sediment and nutrient concentrations in streamflow
were monitored at selected locations from November 1981 through September
1983. Total discharge and sediment and nutrient loads from tributaries are
summarized in appendix table C-1; seasonal values are given in table C-2, and
monthly values are given in table C-3.

Comparison of median values (box plots with approximately 95-percent con-
fidence intervals) confirmed that the concentrations of constituents differed
significantly among the tributaries, as described below.

1. Total kjeldahl nitrogen (TKN) and total organic nitrogen.—-—Concentrations
in Van Benthuysen Brook were significantly greater than those in the upper
reaches of Spafford Creek at the Bromley Road site. High TKN and organic
nitrogen are characteristic of forest soils, where nitrification is
unusually slow. The actual source could not be determined.

2. Dissolved NO9» + NO3.-—Concentrations in Rice Brook and Willow Brook were
significantly higher (usually characteristic of higher nitrification or
fertilizer use), and concentrations in Van Benthuysen Brook were signifi-
cantly lower (nitrogen in more reduced form——see item 1 above) than those
in the other tributaries.

3. Total phosphorus.——Concentrations in Spafford Creek at Sawmill Road were
significantly greater than those in Van Benthuysen Brook and are probably
related to the high sediment yields at Sawmill Road.

Spafford Creek at Sawmill Road had the highest concentrations of total
organic nitrogen, total kjeldahl nitrogen, total phosphorus, and dissolved
organic phoshorus. Rice Brook had the highest concentrations of NH3 (equaled
by Willow Brook), total dissolved phosphorus, dissolved orthophosphate, and
total inorganic phosphorus. Willow Brook had the highest concentrations of
NOy + NO3.

Generally, concentrations of TKN and total phosphorus were highest in
spring and summer (March-August), when sediment load was highest (organic
nitrogen and phosphorus adsorb to soil particles) and fertilizer use was also
highest.

Nitrogen.—-Nitrogen was the most abundant of the nutrients entering
Otisco Lake. Total loads of the nitrogen species to Otisco Lake (from all
tributaries, including estimated contributions from ungaged areas) during the
study were 236,000 1b of NO2 + NO3 and 199,000 1b of total kjeldahl nitrogen,
of which 23,700 1b was NH3. Spafford Creek, which had the highest level,
discharged 73,400 1b of total kjeldahl nitrogen, of which 6,100 1b was NH3,
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and 63,200 1b of NOy» + NO3., Rice Brook contributed the smallest loads of
NH3 (1,550 1b) and total kjeldahl nitrogen (12,100 1b); Van Benthuysen Brook
had the smallest loads of NO» + NO3 (17,400 1b). Concentrations of NH3 were
fairly uniform throughout the basin and showed little response to changes in
streamflow. Concentrations of total kjeldahl nitrogen were also fairly uni-
form throughout the basin but showed significant increases during high flows,
which reflects the particulate nature of the organic fraction of total
kjeldahl nitrogen.

Concentrations of NO2 + NO3 were highest in Willow Brook and lowest in
Van Benthuysen Brook. NOy + NO3 concentrations during high flows were nearly
uniform among all tributaries except Van Benthuysen Brook. Minor differences
were noted, however, at the beginning of high flows. At Spafford Creek and
Amber Brook, concentrations of NOy + NO3j decreased at the beginning of a rise,
then increased, probably as a result of an initial dilution followed by an
increase due to soil erosion. No such initial dilution was observed at Rice
Brook or Willow Brook, however, possibly because more agricul tural fields and
barnyards are close to the streams here than in other basins, which allows
more rapid transport of nutrients to the stream. At all sites except Spafford
Creek, concentration of NOy + NO3 continued to increase for a while during
recession before decreasing. Because measured NOy + NO3 concentrations were
in the dissolved form, residual runoff after the peak flow may have continued
to carry NOp + NO3 to these tributaries. Concentratiouns of NO» + NO3j in Van
Benthuysen Brook remained fairly constant throughout high flows, probably
because the NOy + NO3 carried to Van Benthuysen Brook by overland runoff is
diluted by increased discharges from Smith Hollow (fig. 2) pond during high
flows.

Although the loads of all nutrients were highest in Spafford Creek,
other tributaries had higher concentrations of some constituents (appendix
table C-4). Nutrient loads are primarily a function of streamflow. Nutrient
concentrations in water from the ditches on either side of Spafford Creek
during high flows were about equal to those in Spafford Creek; sediment con-
centrations were slightly less. Contributions to the lake from the drainage
ditch are negligible compared to those from Spafford Creek. The relative
contributions of sediment and selected nutrients to the lake are summarized in
table 10,

Phosphorus.--The total phosphorus load to Otisco Lake from all tribu-
taries (including the ungaged area) during the study was 20,600 1b, including
7,045 1b dissolved and 3,140 1b of orthophosphate, which are the forms avail-
able for plant uptake; the remainder is dissolved organic and total inorganic
phosphorus. Spafford Creek contributed the largest amount, nearly 9,600 1b
(about 2,000 1b of which was dissolved). Amber Brook contributed 1,140 1b,
the lowest amount., Ratios of dissolved to total phosphorus load ranged from
49 percent in the Willow Brook watershed to 21 percent in Spafford Creek. The
ratios at each site did not vary significantly through the study. In contrast,
total phosphorus concentrations increased significantly during high flows
because of their association with suspended sediment, while concentrations of
dissolved phosphorus remained relatively constant or decreased slightly during
the stormflows. Total phosphorus is readily adsorbed onto sediments and
microorganisms; therefore, significant increases in sediment result in signif-
icant increases of phorphorus. Annual loads of orthophosphate ranged from
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239 1b at Amber Brook to 785 1b at Spafford Creek. Orthophosphate concentra-
tions generally remained fairly constant throughout the year, with slight
increases during high flows.

Al though the tributaries transport phosphorus at a natural background
level, the application of fertilizers and other phosphorus-bearing substances
to the soil, and subsequent erosion of soil particles, increases the amount of
phosphorous in the tributaries. Data from this study are insufficient to
estimate the magnitude of the increase, however.

Table 10.--Relative contributions of sediment and selected nutrients
to Otisco Lake from major tributaries, November 1981
through September 1983.

[Values are percentage of total. Locations are shown in fig. 2. ]

Total
Drainage Suspended Dissolved kjeldahl Total
Subbasin area sediment NO2+NO3 nitrogen phosphorus
Amber Brook 10 4 9 8 6
Rice Brook 7 3 9 6 6
Spafford Creek 33 72 27 37 46
VanRenthuysen Brook 10 3 7 10 8
Willow Brook 10 5 16 11 11
Ungaged area 30 12 32 28 24

RELATION OF SEDIMENT AND NUTRIENT LOADS
TO BASIN CHARACTERISTICS

Sediment and nutrient loads were examined in relation to the basin and
land-use characterstics to discern significant relationships between suhbasin
characteristics and nutrient or sediment loads. Results are summarized in
tables 1 through 6.

Total Loads

The analyvses for total loads indicated significant relationships between
runof f per acre and yields and subbasin characteristics (slopes of regression
curves were significantly differeat from zero at the 95-percent confidence
level), and most equations fit the data reasonably well (RZ = 0.47 to 0.89).
Most of the yields were related to topography, surficial seology, or soil
characteristics. Total phosphorus yields were lowest in basins with the
largest percentage of contour farming and in areas in which waterway improve-
ments have reduced streambank erosion (RZ2 = 0,81).

Monthly Loads
The analyses for monthly and seasonal values indicated significant rela-

tionships among runoff per acre, yields, and subbasin characteristics, but
none of the equations provided a reasonable fit to the data (R2 less than
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0.43). Generally, runoff per acre and yields were positively related to total
area and to precipitation (the more precipitation and subbasin area, the
greater the runoff or yield). Neither monthly runoff per acre nor yields from
individual subbasins showed significant relationships to subbasin character-
istics (slopes of regression curves were not significantly different from
zero)--probably because of the small sample size and large variation within
the individual data sets., Regression analysis of runoff and loads from
stormflows and snowmelt showed significant relationships to total subbasin
area and soil series or geologic type but did not give reasonable fits to the
data. (RZ less than 0.3).

Regression analyses of monthly values were also done with interaction
terms of percent cropland and rainfall. Other regression analyses were done
by forcing selected independent variables into the equations. Variables
for sediment yield were soil-erodibility factor, slope-steepness factor,
management-practice factor, slope-steepness and length factor, precipitation
per acre, percentage of basin occupied by cropland plus pasture, percentage of
basin occupied by woodland, and total acres; those for nutrient loads were
suspended sediment concentration, amount of fertilizer (lb/acre), precipita-
tion per acre, percentage of basin occupied by cropland plus pasture, percen—
tage of basin occupied by woodland, and total number of acres. Again, the
relationships were significant (slopes of regression curves significantly dif
ferent from zero), but the equations did not explain the variance in the data
(R2 less than 0.5).

|

Effects of Land Use and Rainfall

The effects of land use and rainfall on sediment and nutrient yields are
not reflected by the regression relationships., This does not mean that these
factors do not affect yields, but rather, that the aggregate effects of land
use and rainfall masked their effects on runoff and yields. The percentages
of land use and the subbasin characteristics remained constant over time, and
the rainfall did not differ from basin to basin., Also, the water-quality
gsampling was done essentially at the mouth of each tributary, which effec-
tively integrated land-use effects and masked differences within each sub-
basin. To compare the effects of different land uses on water quality would
require sampling of runoff from specific sites, such was done in Pennsylvania
by Lietman and others (1983) in forest, cornfield, rural, residential laund,
and pasture land.

Generally the highest concentrations of NOp + NO3, phosphorus, and sedi-
ment can be expected from cropland where little or no conservation measures
are applied because here the land is more easily eroded and more nutrients are
applied in an effort to maintain crop yield, Sediment and nutrient yields
from cropland receiving adequate conservation practices such as strip
cropping, contour plowing, or conservation tillage are generally lower than
those from cropland without such measures. Forestland generally yields the
lowest concentrations of nutrients, although organic nitrogen (which is not
considered a nutrient) is generally higher in forests than in other areas.
Other factors that influence sediment and nutrient concentration are associ-
ated with erosion potential, such as slope steepness, soil type, ground cover,
and rainfall intensity. Some general comparisons between cropland and wood-
land with sediment and nutrient yields can be drawn from the data in table 11.
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Table 11.--Percentage of subbasin area covered by cropland and woodland
in relation to sediment and nutrient loads.

[Locations are shown in fig. 2.]

Land use Nutrients (1lb/acre)
(percentage of Total
subbasin) Sediment kjeldahl Total
Station Cropland Woodland Other (ton/acre) NOy NO3 nitrogen phosphorus

Amber Br ook 67 20 13 0.19 8.9 6.6 0.5
Rice Brook 64 32 4 .16 10.3 6.0 .6
Spafford Creek 35 55 10 1.0 8.2 9.6 1.2
Van Benthuysen Brook 68 18 14 «15 7.8 8.9 o7
Willow Brook 79 9 12 .23 15.8 9.7 .9
Ungaged areas 40 42 18 .18 10.8 7.8 o7

Yields of NOp + NO3 seem to be greater in areas with high percentages of crop-
land, but sediment and phosporus yields show no obvious relationship to land
use. Other factors, such as detention of sediment by ponds, as along Van
Benthuysen Brook, or large areas with minimal vegetation, such as around
Spafford Creek, may have a greater influence than land use alone.

Effects of Runoff on Sediment and Nutrient Loads

Most of the runoff and sediment and nutrient loads entering the lake
during the study were the result of storms and snowmelt. Stormflows were
identified as peaks in the discharge record that corresponded to precipitation
events. High flows were defined as periods when discharges (both storms and
snowmelt) were at or above the 75-percent quartile. The percentages of runoff

and loadings during storms and snowmelt periods are given in table 12; the
sediment and nutrient loads during high flows are summarized below.

1. Storm runoff constituted 46 to 65 percent of the total runoff in the trib-
utaries. From 58 to 90 percent of the sediment load in these tributaries
and 30 to 90 percent of the nutrient load was transported in storm runof f.

2. Snowmelt contributed 13 to 36 percent of the runoff in the tributaries,
Between 9